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INTRODUCTION
Doxorubicin is an effective antineoplastic drug used in various neoplasm diseases. The drug usefulness is limited by dose-dependent cardiotoxicity, which is secondary to generation of reactive oxygen species. Changes in redox equilibrium lead to oxidative damages of lipids, proteins and DNA [11, 13, 21] . The regulation of antioxidative defence is multifactorial. Many studies have indicated connections of iodothyronine hormones with oxidative stress [1, 4, 7, 16, 20] . NADPH 2 cytochrome P-450 reductase (P-450R), the main enzyme responsible for the doxorubicin-dependent free radical generation, is strictly regulated by triiodothyronine (T3) [8, 17] and markedly decreased level of this enzyme (30-50%) was observed in heart of rats treated with methimazole [25, 28] . Moreover, malic enzymes, G6PDH and 6PDGH, pivotal enzymes connected with glutathione reduction, are transcriptionally regulated by T3 [15, 19] . The oxidative damages in the heart may result in morphological changes, e.g. necrosis, and releasing of cytoplasmatic proteins from cardiomyocytes to the blood. Thus, the aim of the study was the assessment of methimazole-induced hypothyreosis on cardiotoxicity induced by doxorubicin.
METHODS

Animals and treatment
The study was approved by the Local Ethical Committee at the Medical University of Lublin. Male Wistar rats (180-220 g) were kept under conventional laboratory conditions (temperature 22ºC, humidity 60-70%, 12 h light/dark cycle) and fed with standard rodent granulated fodder LSM ® (AGROPOL, Poland). Food and water were freely available. Animals were randomly divided into experimental and control groups (7 animal/group). Rats received thyreostatic drug -methimazole (methizole; ICN Polfa Rzeszów, Poland) in drinking water for 3 weeks at 2 concentrations (0.001 or 0.025%; group MET L or MET H , respectively). For the remaining time of the experiment only filtrate municipal water was administered. 48 h after completing methimazole administration, the rats received doxorubicin (EBEWE Arzneimittel Ges.m.b.H., Austria) at the concentration of 2.0, 5.0 and 15 mg/ /kg of the body weight (2DOX+MET L , 5DOX+MET L , 15DOX+MET L and 2DOX+MET H , 5DOX+MET H , 15DOX+MET H groups). Doxorubicin hydrochloric was dissolved (1:1; v/v) in a saline solution (Cefarm, Poland). The other groups were exposed exclusively to doxorubicin, but without inducing hypothyreosis (2DOX, 5DOX and 15DOX group). The biological materials (blood and hearts) were collected 4, 48 and 96 h after doxorubicin administration. In MET L and MET H groups, 48 h after cessation of methimazole, rats were administered with saline and after the next 96 h the biological material was collected for further biochemical analyses. A similar procedure was applied in control group, in which 96 h after the saline injection rats were scarificed.
The blood was aspirated from the left ventricle during the pentobarbital anaesthesia and the obtained plasma was storage at -75°C. Immediately afterwards, the thyroid gland and heart were removed during autopsy, washed with 20 mL of saline, and fixed in the buffered 10% formalin and routinely histologically processed to paraffin blocks. Slides were stained with hematoxilin and eosin (H+E) and evaluated, without the knowledge of the treated--group, under light microscope (Olympus BX45; Tokyo, Japan).
Determination of plasma biochemical parameters
Triiodothyronine (FT3) and tetraiodothyronine (FT4) concentrations in rat plasma were measured using commercial reagents (AxSYM; Abbott, USA). The sample and antibody -coated microparticles added with reagent form an antibody-antigen complex. The T3 or T4 -alkaline phosphatase conjugate binds to the available site on the anti-T3 (anti-T4) coated microparticles. Finally, 4-methylumbeliferyl phosphate was added and the fluorescent intensiveness of the obtained product was measured. The serum activity of aspartate aminotransferase (AST) alanine aminotransferase (ALT), lactated dehydrogenase (LDH) and creatine kinase (CK) were measured using Cormay kits (Poland) according to manufacture application on Liasys apparatus (Italy).
The determination of rat's specific fatty acid--binding proteins (FABP, Life Diagnostics, Inc., USA), cardiac troponin I (cTnI, Life Diagnostics, Inc., USA) and B-type natriuretic peptide (BNP-32; Phoenix Pharmaceuticals, Inc., USA) were measured in the plasma according to the manufacture procedures using a spectrophotometric reader PowerWave XT (BioTek, USA) according to manufacture procedures.
Statistical analysis
The obtained data were analysed using STATISTICA 5.0. (Statsoft Inc., USA). Statistical significance was evaluated by U Mann-Witney test (vs. saline control) and by one-way analysis of variance (Kruskal-Wallis ANOVA). The post-hoc test (Newman-Keuls) was used to verify null hypothesis, according to which the lowered thyroid hormones status influence the evaluated parameters. All data are expressed as mean ± ± standard deviation (M ± SD). The value of p < 0.05 was considered statistically significant.
RESULTS
The morphology examination of thyroid gland showed a reduction of follicles colloid in relation to the methimazole concentrations ( Fig. 1) . It was consistent with biochemical markers tested in the blood, because significantly decreased FT3 and FT4 serum concentrations were found at both tested concentration of methimazole ( Table 1 ). The higher dose of the thyreostatic was responsible for the decrease of FT3 and FT4 below the limit of detection. drug alone and co-treated with methimazole ( Fig. 2 ). All morphological changes were time-dependent since slightly higher incidence was found in animals examined at 48 and 96 h, than in shorter periods. Vacuolar and eosinophilic degeneration were the most commonly seen in case of cardiomyocytes. Microvacuolisation was limited to single cells or diffused, whereas macrovacuolisation was found less frequently in single, spread cardiomyocytes. In some cases, wavy direction of myofibrils, as well as cardiomyocytes with strips contractions were also observed.
Among all tested period of time the mean AST levels were higher with dose elevation (Table 2) . Similarly, it was found for ALT (Table 3 ) at 48 and 96 h, for LDH (Table 4 ) at 4 and 96 h, and for CK (Table 5) at 48 h. In the case of AST, these differences, excluding 2DOX/4 h, were statistical significant comparing with the control. A significant elevation in LDH level was observed only for highest dose of doxorubicin in all tested time sequences. A significant increase in CK activity was found after 5 mg DOX at 4 and 96 h and after 15 mg DOX/kg at 48 h. The comparison of the activity of all tested enzymes in euthyroid and hypothyroid rats treated with lower concentration of methimazole and receiving DOX, revealed a significant changes in MET 0.001% +DOX group at 4 and 96 h, but there were no common trend of these changes across the doxorubicin doses or time observations. Similar comparison for MET 0.025% +DOX group (vs. DOX) indicated that higher concentration of methimazole led to decrease in AST, ALT and LDH activity. However, it was found mainly at 96 h.
Versus control, the FABP (Table 6 ) and cTnI (Table 7 ) levels were significantly higher after administration of the highest doxorubicin dose at 4, 48 and 96 h. The middle dose caused marked elevation in cTnI at 48 and 96 h and FABP at 96 h. Methimazole did not change cTnI level in rats treated with doxorubicin. However, lower concentration of methimazole led to augmentation of increasing level of FABP in group of MET 0.001% +15DOX at 4 and 48 h.
Cardiac histological abnormalities, both in cardiomyocytes and interstitial, were observed in most of doxorubicin-exposed rats, but their incidence was not statistically different between groups exposed to the Higher dose of doxorubicin leads to increase in BNP (Table 8 ) level comparing with the control only at 96 h. Referring to particular DOX groups, there were any significant changes in BNP level in rats receiving both doses of methimazole.
DISCUSSION
The aim of the study was to evaluate the effect of iodothyronine hormones status (FT3 and FT4) on cardiac changes caused by doxorubicin. Dose dependent inhibition of synthesis of iodothyroid hormones resulted from methimazole was confirmed by FT3 and FT4 determination in serum and gland morphology. Taking into account absence of overt clinical symptoms, these results proved that used drinking water concentrations of methimazole were proper for tested model. The selected drug directly inhibits the synthesis of thyroid hormones by interfering with iodine incorporation into tyrosyl residues of thyroglobulin, secondary to interfering with the oxidation of iodide ion and iodotyrosyl groups through inhibition of the peroxidase enzyme. The primary influence on hypothalamus/hypophysis axis was not revealed [1, 27] .
In our previous study [12] , it was found that hypothyreosis intensifies doxorubicin-related oxidative stress. Because oxidative stress may result in cardiomyocyte apoptosis and/or necrosis, the heart morphology examination and blood markers assessment were conducted.
In most rats from DOX and DOX+MET groups, there were histopathological changes both in cardiomyocytes and interstitium. The frequency of these changes could be shown in following order: microwascular degeneration > macrovascular degeneration > increased eosinophilic cytoplasm > wavy direction of myofibrils. Similar to current study, pathological doxorubicin-related changes were seen in cardiomyocytes and cardiac interstitium. Generally, these changes are typical for doxorubicin. In Arola et al. study [5] rat's cardiomyocytes vacuolisation was observed after doxorubicin administration at dose of 2.5 mg/kg. Furthermore, micro-and macrovacuolisation was found 120 h after doxorubicin injection at dose of 10 mg/kg [14] . However, no marked changes even at dose up to 25 mg/kg were found in mice by Liu et al. [18] . Although hypothyreosis intensified oxidative stress in the heart [12] , there were no marked differences in morphological changes among DOX and DOX+MET groups.
A significant elevation in both serum transaminases level in most groups of rats receiving only doxo- rubicin was revealed, but AST was more sensitive marker than ALT. For instance, any changes in ALT level compared with the control was found at the lowest dose of doxorubicin and additionally relative elevations of AST compared with the control were higher than ALT. These results are in agreement with previous studies by Al-Shabanah et al. [3] and Buyukokuroglu et al. [6] who exposed rats to doxorubicin (15 or 20 mg/kg) and observed significant increase in AST activity after 24 and 48 h, respectively. Yagmurca et al. [29] revealed that AST activity remains elevated even 10 days after treatment with 20 mg of doxorubicin/kg. Taking into account that AST is mainly localised in mitochondria [26] , observed increase in AST in the blood may suggest serious cells dysfunction. The hypothyreosis influence on changes caused by doxorubicin in both transaminases activity was found very rare. These changes were dependent on the stage of hyperthyreosis and study duration. In most cases hypothyreosis diminished transaminases activity elevated by doxorubicin, thus reducing toxic effect caused by this anticancer drug. Among doxorubicin alone treated group, the significant increase in LDH levels were revealed in all tested periods of time only at highest dose of this drug. These results are consistent with the previously reported results which had shown an elevation in LDH activity in rats receiving single and repeated doses of doxorubicin [2, 9, 10] . Significant increase in total LDH activity and cardiac isoform activity was also described by Al-Shabanah et al. [3] even at 3 h after treatment with 15 mg doxorubicin/kg, what implies that source of the enzyme can be cardiomyocytes. Effect of hypothyreosis on LDH changes caused by doxorubicin was seen in 4 cases -only at 96 h. InAn increase in LDH activity in group exposed exclusively to doxorubicin was not associated with CK changes, which abnormalities was notice occasionally in every tested period of time. The significant increase in CK activity was also observed in the studies when doxorubicin was administered as single or repeated doses [2, 9] . In the study by Al-Shabanach et al. [3] significant increase in both, total and cardiac isoform of CK was observed in rats 24 h after doxorubicin administration (15 mg/kg), suggesting that source of the enzymes might be cardiomyocytes. In the current study, significant changes in blood CK levels between doxorubicin treated euthyroid and hypothyroid rats were found accidentally. The marked decrease in CK activity was noted in MET 0.001% +DOX 5mg group. Moreover, the changes observed in 96 h are similar to theses observed for LDH.
Changes in FABP and cTnI levels may be explained by cardiomyocyte damages, less likely by necrosis, since lack of histological features of such complication were revealed. Normal range of FABP in humans and rats is about on the same level [23, 24] . The method applied for cTnI monitoring was previously tested by O'Brien et al. [22] who confirmed that it is sensitive and specific method to study cardiac damages in rats.
The elevated blood level of FABP and cTnI was found in prevalent DOX tested group that was associated with cardiac histological changes. However, the effect of methimazole on the doxorubicin cardiac toxicity, stated on the basis of FABP status, was revealed only in rats receiving lower dose of thyreostatic drug at 4 and 48 h, only after maximum dose of doxorubicin used in the study. There were insignificant changes in the level of BNP between euthyroid and hypothyroid rats receiving doxorubicin. Thus, it indicates that hypothyreosis had no effect on heart stretching in rats receiving doxorubicin.
Decreased level of iodothyronine hormones had no impact on cardiac morphological changes and heart stretching in rats receiving doxorubicin. Lower hormonal status had sporadic, diverse effect on blood transaminases, LDH and CK levels, but any relation to time, doxorubicin doses and hypothyroid status was found. Elevated level of FABP in rats with hypothyreosis and receiving doxorubicin, suggests sub-cellular disturbance of cardiomyocytes.
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